Changes in m aternal plasm a proteins during pregnancy are now well docum ented. These changes may be quantitative, as seen in the electrophoretically separated fractions of serum and in the various bin d in g globulins; or they may be represented by the appearance of a protein which is present only in the serum of pregnant wom en. T hese include the placen tal isoenzym e o f alkaline phosphatase, oxytocinase, hum an chorionic gonadotropin and the " pregnancy-associated plasm a proteins." O ther con stituents, such as a-fetoprotein, salivary amylase, prolactin and the proteins of the " pregnancy zone," which are present in small quantities in non pregnant wom en as w ell as in m en, show a substantial increase in concen tration in the m aternal circulation during pregnancy. An im portant factor in the etiology of protein changes is the effect of horm ones, especially estro gen, on the synthesis and degradation of these proteins.
Introduction
As early as 1930, unusual characteris tics w ere noted in the serum of pregnant wom en, nam ely the ability of such serum to deactivate oxytocin. 17 Changes in ma ternal plasm a or serum proteins during g e sta tio n are now w e ll d o c u m e n te d . These changes may be e ith e r in quantity of existing proteins or in production of proteins unique to pregnancy. For exam ple, changes are noted in the levels of the electrophoretic fractions, specifically, al bum in and the globulins as w ell as fi brinogen. Concentrations of the various binding globulins ten d to increase during pregnancy. O ther constituents, such as a-fetoprotein, salivary am ylase and the proteins o f th e " pregnancy zone" are p r e s e n t in sm all q u a n titie s in n o n pregnant wom en and in men. However, the concentration in m aternal circulation increases substantially during pregnancy.
In addition, there are a num ber of pro teins w hich are present only in the serum of pregnant wom en. These include the placental isoenzym e of alkaline phos phatase, oxytocinase, hum an chorionic g o n a d o tro p in an d th e " p re g n a n c yassociated plasm a proteins." T he concen trations of these proteins tend to rise dur ing gestation and disappear w ithin days to w eeks postpartum .
A num ber of the pregnancy-associated changes in protein com position of the m aternal circulation have been used to follow th e c o u rse of p re g n a n c y , to monitor placental function and to assess fetal m aturity and w ell-being.
Changes in Plasm a Protein C oncentration
A fall in the concentration of total pro tein occurs during pregnancy. The extent of this fall and the pattern of change w ere th e m ajor d iffe re n c es e n c o u n te re d in num erous investigations. In some cases a continuous reduction in total protein dur ing p regnancy was s e e n ,12,62 w hile in others a stable period after the second trim ester,49 or a rise in concentration prior to delivery,5,39 or a drop in concentration after delivery62 w ere encountered w ith values retu rn in g to norm al in 6 to 12 w eeks p o stp artu m . D isc re p a n c ie s ob served by the various investigators were thought to be th e result of the random effects of individual variations.
The fall in protein concentration seen during pregnancy most likely is a result of the dilution o f the plasma, since total pro tein concentration is inversely related to plasm a w ater concentration. 58 The abrupt increase in protein concentration seen be fore labor39 corresponds to a decrease in plasm a water, w hile the rapid fall in con centration seen w ithin 12 to 24 hours after delivery62 is the result of the m obiliza tion of the excess extracellular fluid of pregnancy.
The concentration of album in also d e c re a se s in p re g n a n c y .12,28 T h e to ta l am o u n t of alb u m in is a p p a re n tly u n changed; decreases in concentration are thought to be the result of an increase in plasm a volum e. 58, 60 In m etabolic studies utilizin g 131I-labeled album in, H onger and coworkers27 have shown that the total circulating album in, the catabolic rate and the rate of synthesis are unchanged in normal pregnant women. It is possible th a t th e in c re a se d a lb u m in sy n th e sis normally stim ulated by sustained hypoalbum inem ia is inhibited in pregnancy by progesterone or estrogen, since adm inis tration of estrogen causes a decrease in album in concentration in non-pregnant individuals. 36, 54 The extent of change in the globulin fractions varied from study to study. A slight but significant rise in cti-globulin from early pregnancy to delivery, fol low ed by a return to normal values by four w eeks p o stp artu m was found in some studies. 56 In others, no significant variation during pregnancy was found, b u t rath er an increase w ithin the first w eek postpartum and a return to normal levels six to seven w eeks after delivery. 5, 62 T he changes in a 2-globulins are sim i lar. A significant rise in a 2-globulin oc curs thro u g h o u t pregnancy, esp ecially during the third trim ester.12,58 A rise in concentration in the first w eek postpar tum has b e e n observed5 w ith values re turning to normal w ithin several weeks.
/3-G lobulins also rise d u rin g p re g n an cy . T h e e le v a tio n is s ig n ific a n t th ro u g h o u t p re g n a n c y . 58 O n e stu d y , h o w e v e r, sh o w e d no c h a n g e in /3-globulin until shortly before delivery, at w hich time an abrupt rise until the first w eek postpartum was seen, w ith a return to norm al by six w eeks after delivery. W hen /3-globulin concentration was ex pressed as percent total protein, the in crease was seen in the first trim ester. 5 It is agreed that there is an increase in the total am ount of a-and /3-globulins. This increase is large in relation to the total amount o f protein present. T he dif ferences in the am ount of changes ob served in the various studies are probably th e re su lt of in d iv id u a l v a ria tio n s in plasm a dilution during pregnancy.
There is a fall in the concentration of y-globulin during pregnancy w ith a return to normal in 6 to 12 w eeks.5,12 This is ap parently a result of a decrease in the con centration of IgG.28, 70 H ow ever, w hen -y-globulin concentration is expressed as percent total protein, little change is seen.
Since album in concentration decreases and the a-and /3-globulin concentrations increase, there is a sharp decline in the album in/globulin ratio during pregnancy.
An increase in fibrinogen has also b een seen during pregnancy especially during the third trim ester.5,12 The increase in fi brinogen is thought to be in anticipation of the traum a of delivery.12 T he activities of prothrom bin and serum prothrom bin ac celerator increase d u rin g norm al preg nancy. 5 Since no significant change in clotting tim e has b een found during preg nancy,31 changes in clotting factors m ust re p re se n t com pensatory alteratio n s to m aintain norm al clotting tim es.5 A de crease in platelets occurs during early lab o r; h o w e v e r, th e r e is a d e fin ite stim ulus to platelet production during ad vanced labor.31 D uring the first six weeks p o stp a rtu m , th e in c re a s e d le v e ls o f p late le ts, p rothrom bin and fibrinogen may be a contributory factor in the in creased incidence of throm bosis during that period. 31 B inding Proteins D uring pregnancy, the concentrations o fbinding proteins in serum generally in crease. The concentration of ceruloplas min, an a 2-globulin w hich binds copper, increases early in gestation, sometimes as m uch as twofold, and along w ith this, the p lasm a c o p p e r c o n c e n tra tio n in creases.23,51,70 The adm inistration of es trogen to a non-pregnant individual also results in th e elev atio n o f ceru lo p las min. 55, 70 H a p to g lo b in , an a 2-g lo b u lin w h ich binds hem oglobin, undergoes no varia tion during pregnancy10,58 or a small d e crease. 70 A dm inistration of estrogen to non-pregnant individuals causes a fall in haptoglobin concentration. 55, 70 In view of the rise in concentration of other binding globulins, it is possible that these two fac tors may cancel out resulting in a normal level of haptoglobin.
Transferrin, the iron binding /3-globulin, is increased during pregnancy.10,51,70 T he rea so n for th is in c re a se is p re s ently unclear. A dm inistration of estro gen or p ro g e ste ro n e to n o n -p re g n a n t individuals, in some cases, caused plasm a tra n sfe rrin c o n c e n tra tio n to in cre ase ; therefore, the increase seen in pregnancy was assum ed to be a result of increased blood levels of those horm ones.36, 70 In other studies, however, which showed no increase in transferrin after adm inistra tion of estrogen, the increase during preg nancy was thought to represent an in creased rate of production in response to an increased dem and for iron .55 In 1956, it was determ ined that in preg nant wom en the percentage of thyroxine b o u n d to th y ro x in e b in d in g g lo b u lin (TBG) increased, w hile that bound to al bum in decreased. This was one of the first indications that there was a change in the concentration of T B G . 16 Since then, it has been established that there is is an in crease in TBG during pregnancy1,73 w ith the concentration increasing from 3.6 mg per dl normally to 9.0 mg per dl in the second and third trim esters. The concen trations of thyroxine and triiodothyronine increase in the same m anner, although proportionately less.53 This increase in TBG appears to be a result of the effects of estrogen, since adm inistration of estro gens causes an elevation in TB G .36,55, 73 An increase in transcortin, or cortisol b in d in g g lo b u lin , is o b se rv e d d u rin g pregnancy. 15 W hile the percentage of cor tisol distributed among transcortin, albu min and the unbound state rem ains con stant, an absolute increase in unbound or free cortisol has b e e n observed during pregnancy. 15, 67 This increase in free cor tisol during pregnancy explains some of the alterations of laboratory findings such as leukocytosis and eosinopenia. Admin istration of estrogens results in an increase in the concentrations of both transcortin and free cortisol. 55, 67 As pregnancy progresses, a-lipoprotein is at first lowered, but th en returns to its normal level. /3-Lipoprotein reacts in the same way until the 14th w eek and then rises until the 36th week after which time it falls greatly until delivery. The varia tions in /3-Iipoprotein occur in eith er the second or third trim ester; maximum post partum values are betw een the first and eighth days; and values approach normal by the 50th day postpartum . 62 Increases in the electrophoretic m obil ity of lipoproteins are also seen during pregnancy.52, 62 The increase in nonesterified fatty acids and the fall in album in during pregnancy favor the b inding of fatty acid to lipoproteins. This binding in creases the m obility of the lipoprotein fractions. 33 T h e th re e m ajor classes of lipopro te in s ,v e ry low d e n s ity lip o p ro te in (VLDL), low density lipoprotein (LDL) and high density lipoprotein (HDL), are all elevated in normal pregnancy. LD L and H D L becom e enriched by triglyc erid es as p regnancy progresses. Total and VLDL-apo B increase, w hile LDLapo B rem ains unchanged. 25 In addition to transcortin, other steroid hormone binding proteins increase dur ing pregnancy. One of these proteins is designated SP2, or steroid binding globu lin, a protein of MW 65,000. It is present in trace amounts in all norm al sera, but during the first half of pregnancy, levels of SP2 rise rapidly and then gradually de crease. By five to ten w eeks postpartum , values return to norm al. 6 The level of SP2 also rises in persons receiving oral con traceptives or estrogen therapy and, th ere fore, is apparently ind u ced by steroid hormones.
M iscellaneous
A m ong o th e r p ro te in s u n d e rg o in g changes during pregnancy is the pituitary horm one prolactin. Prolactin rises from 25 ng per ml at ten weeks of pregnancy to 207 ng per ml at term , after which there is a slow and progressive fall to normal levels by the seventh day postpartum . The rise during pregnancy is thought to be either a preparation o f the breast for milk produc tion or the result of an increase in the num ber and activity of lactotropes in the pituitary of pregnant w om en. 68, 82 T h e c o n c e n tra tio n s of p o ly p e p tid e h o rm o n e s c h a n g e d u rin g p re g n a n c y . Some studies have indicated that hum an pituitary thyrotropin (TSH) increases; but there is some controversy as to the extent of the increase and how soon after deliv ery the values return to norm al. 30 ,38,50,61 Recently, how ever, changes in TSH dur ing p reg n a n c y have b e e n d e te rm in e d using specific radioim m unoassay. 8 This study has shown that there is an initial fall in T S H d u rin g th e se co n d an d th ird months followed by a rise to norm al val ues. T he TSH levels during the second, third and fourth months have b een found to be significantly lower than normal. The rise in TSH seen in previous studies was b e lie v e d to b e th e r e s u lt o f th e nonspecific m ethods of analysis used . 21 T here is a progressive rise in serum amylase from the sixth to the 25th w eek, followed by a gradual fall to the end of pregnancy. Amylase values greater than normal have been found in 42 percent of patients during the second trim ester and 22 percent o f patients in the third trim es ter. Isoamylase analysis has revealed that the ratio of pancreatic to salivary isozymes is 1:1 in the first trim ester, 1:3 in the sec ond trim ester and 1:1 during the third tri m ester. These changes in amylase activity may be a result o fthe hormonal alterations o f pregnancy, p re fe re n tia l passage of amylase isozymes from m other to fetus, or an alte ra tio n in th e c learan ce rate o f am ylase.24 a-F etoprotein (AFP) was first found in fetal calf and later in the hum an fetus.11 It is known to be present in very small quan titie s in n o rm al a d u lts a n d in larger amounts in the serum of pregnant women.
Since AFP is produced by the fetus, it has been suggested that elevated AFP levels in the m aternal circul ation m ight be useful in the antenatal diagnosis o f fetal abnorm alities. 11 Transfer o f AFP to the m aternal circulation can occur through the placenta or amniotic fluid. W hereas th e A FP c o n c e n tra tio n re a c h e s a maximum at 32 weeks in m aternal plasma, it peaks at 14 w eeks in the fetus. 35 At term , fetal AFP levels are 300 to 600 tim es the m aternal level.69 E levated m aternal levels of AFP during periods offetal distress may result from increased AFP production by the fetus or from placental leakage of fetal elem ents. D istressed new borns appar e n tly h av e h ig h e r th a n n o rm al A FP levels. 69 AFP levels in m ate rn a l plasm a are known to rise excessively in early preg nancy if there are open neural tube de fects in the fetus. No correlations could be found betw een peak AFP concentration and birth w eight,24,37 parity or m aternal age. 37 A correlation has been found be tw een sex of the fetus and the tim e at w hich the AFP maximum is reached. For female fetuses, the peak is reached in an average of 31 w eeks, w h ile for m ale fetuses the average is 33 w eeks.11 Abnor mally high AFP levels are nearly always associated w ith fetal death .11 a x-Antitrypsin (ai-AT) is a glycoprotein w hich is known to increase during acute inflammation and necrosis and also dur ing pregnancy.20,48,70,75 Norm ally o^-AT accounts for 90 percent of the trypsin in hibitory capacity of plasma. D uring preg nancy, how ever, the «x-AT levels rise to such an extent that essentially all antitryptic activity comes from ai-AT. 20, 48 «i-AT levels rise from the 12th to the 27th w eek after which no further eleva tion is seen. By the sixth w eek postpar tum, values return to norm al. 20 Changes in steroid horm one balance may be the cause of the increase. 20 75 In 1961, Alvarez and coworkers5 dem o n s tra te d th e p re s e n c e of a n ew a 2-globulin in the blood of pregnant wom en. It was m ost prevalent during the third trim ester and disappeared w ithin eight w eeks after delivery.3,4 Although this pro tein has a num ber of different names, the d e s ig n a tio n p re g n a n c y -z o n e p ro te in (PZP) will be used throughout this discus sion. PZP is absent from the cord blood and, therefore, is nonfetal in origin. The pregnancy zone does not correspond to any known protein. PZP has been shown n ot to be p re g n a n c y -sp e c ific c y stin e a m in o p e p tid a s e , h u m a n c h o rio n ic g o n a d o tro p in , p re g n a n c y -sp e c ific a l kaline p hosphatase,65 hum an placental la c to g e n ,26 o r th e fo u r p reg n a n c yassociated plasma proteins (PAPP's) dis cussed later in this paper.40 PZ P is identi cal immunologically to pregnancy-specific a 2-macroglobulin, a 2-pregnoglobulin, preg nancy-associated a 2-globulin40 and the pregnancy protein SP3 of Bohn.6 Besides being found in pregnant women, th e p re g n a n c y zone has b e e n found in n on-pregnant w om en receiv in g an tiovulatory drugs,3,13,14 in wom en w ith trophoblastic disease,64 in men therapeut ically treated w ith estrogens, in some m alignancies and in some non-neoplastic diseases.
T he in crease o f PZP w hich accom panies pregnancy would be expected to have a definite function. The placental content of pregnancy zone protein can be accounted for by the m aternal plasm a present in the intervillous spaces.42 PZP has b e e n found by in d ire c t im m u n o fluorescence to be localized in blood ves sel walls, parenchym al structures w ithin th e villous, as w ell as the trophoblast cytoplasm . 41 Since PZP is found in the tro p h o b la st cytoplasm , it m ay have a localized function. The pregnancy zone protein could be involved in protecting the fetus from rejection by the mother. T he fetus has histocom patibility antigens from the father, and the m other has the potential to m ount a cell-m ediated im m une response against the fetus. PZP, then, could block the recognition or effec tor stages of the im m une response. 74 This h y p o th esis is su p p o rte d by th e low er levels of PZP encountered in prolonged pregnancy and in cases of abortion as sociated w ith placental destruction. In 31 cases of prolonged pregnancy, PZP was significantly lower than in normal pregnancy. 79 
Etiology of Variations
Num erous changes in protein concen tratio n s d u rin g p reg n a n c y have b e e n docum ented w ith various opinions ven tu red to explain the reasons for these changes. O ne factor thought to be in volved is the increase in plasm a volume which occurs during pregnancy.50 T he av erage total plasma volume increases from 2600 ml in non-pregnant wom en to 3640 ml close to term . 34 This w ould be expected to low er the concentrations of proteins, such as album in. Increased album in syn thesis, to counteract this hem odilution, is thought to be inhibited by estrogen or progesterone.75 T he effect of horm ones, such as estrogen, upon pregnant w om en is another factor involved in the adjustm ent o f protein concentrations since estrogen is known to increase as m uch as 10,000 tim es in pregnancy. 58 Steroids are thought to in fluence protein synthesis on the nucleic acid level, thus causing a change in either th e sy n th esis or th e d eg rad atio n o f a protein.
A decrease in album in, total protein and haptoglobin has b e e n seen w ith adm inis tra tio n o f e s tro g e n and e stro g e nprogesterone combinations. T here is an elevation in ceruloplasm in, transcortin and thyroxine binding globulin, and no change in tran sferrin . P atients treated w ith estrogen plus progesterone show an increase in the pregnancy zone protein w hile no increase is seen w ith estrogen alone. 65 Another study has show n highly significant increases in a 2-macroglobulin, lip o p ro tein , p lasm in o g en and ctj-antitry p sin . 36 T here was also a significant rise in transferrin and a fall in orosomucoid. The fall in orosom ucoid and hapto g lo b in is g re a te r th a n in p re g n a n c y , w hile the elevation in a x-antitrypsin, a 2-m acroglobulin, lipoprotein and transfer rin are less than those found during preg nancy. These results are shown in figure  1 . This study im plies that the m etabolic effects o f estrogen are only in partial agreem ent w ith the alterations occurring in normal pregnancy.
The influences on the steady state level of various proteins in pregnancy are im possible to predict, since catabolic path ways of many proteins are unexplored. It is reasonable that proteolytic enzym es are involved, and concentrations of these en zymes plus their inhibitors w ould also be affected by hormones. It is also possible that the concentrations of some proteins rise as a result of dem and for increased fu n ctio n al c a p a c itie s .51,58 O b v io u sly , many factors are involved in establishing the concentration of proteins during nor mal pregnancy.
PROTEIN CHANGES -CONTRACEPTIVE STEROIDS vs. PREGNANCY
F igu re 1. A comparison o f th e p e rc e n t c h a n g e from norm al values o f pro teins after adm inistration of anti-ovulatory drugs to non-pregnant w om en and during pregnancy.
Pregnancy-Specific Proteins
In contrast to the previously described proteins, which are present in all serum and m erely change in concentration dur ing pregnancy, there exists a group of pro teins w hich appear only in the serum of pregnant wom en. In general, they are p la cental in origin and cannot be induced by estrogen therapy, nor are they usually present in any of the various carcinomas.
The serum of pregnant women contains a unique enzym e w hich is capable of inac tivating oxytocin by cleavage of cystine. This enzym e has becom e known th ere fore as cystine am in o p ep tid ase.80 T he level of oxytocinase does not go down b e fore or during labor. O nset of labor, there fore, is probably not the result of a loss of ability of plasm a to inactivate oxytocin.
T h e re are a c tu a lly tw o c y stin e am inopeptidases (oxytocinases) w ith dif ferent electrophoretic mobility. CAPX ap pears during the fourth month of gesta tion, while CAP2 is not evident until the third trim ester. Since neither could be found in fetal blood, the placenta is as sumed to be the source of the enzym e. 59, 64 In 1972, Gall and H albert19 reported the presence of up to four antigenic com po nents in the serum of pregnant women. These proteins, which could be detected by the third trim ester, w ere only present in pregnant fem ales. The proteins will heretofore be referred to as pregnancyassociated plasm a proteins (PAPP's), al though various systems of nom enclature exist. In itia l a ttem p ts to id e n tify th e PAPP's by imm unodiffusion w ith the fol low ing polypeptide hormones show ed no im m u n o lo g ic re la tio n s h ip : h u m an chorionic gonadotropin (HCG), bovine prolactin and synthetic oxytocin. A sim ilar test w ith C-reactive protein was also nega tive. None of the PAPP's had any acid or alkaline phosphatase, oxytocinase (cys tin e am inopeptidase), catalase, glucosamidase, estrase, glucuronidase or arylsulfatase activity. 19, 44 None of the proteins are apparently de rived from the fetus because none of the four could be detected in cord blood or in amniotic fluid. The PAPP's are uniformly distrib u ted throughout the cytoplasm of th e v illo u s tro p h o b la s t c e lls o f th e placenta, so all trophoblasts are appar ently active sim ultaneously in the synthe sis of the PAPP's.41, 77 T he PAPP's have been identified by their electrophoretic m obility.44 PAPP-B and PAPP-C migrate as /8-globulins w hile PA PP-A a n d P A PP-D m ig ra te as a2-globulins. PAPP-C consists of two imm unoelectrophoretic fractions.43,44 O ne fraction (-C) m igrates as /8-globulin, w hile the other (-C') does not migrate. On DEAE cellulose, PAPP-C is split into two over lapping fractions.44 W hen subjected to isoelectric focusing, the major fraction shows two bands, one w ith p i = 3.8 and the other w ith p i = 6.0. PAPP-C may be involved in iron transport. 44 PAPP-D is identical imm unologically to hum an placental lactogen (HPL), and PAPP-C is identical to the pregnancyspecific glycoprotein of B ohn. 7 Lin and cow orkers47 have determ ined the m aternal levels of PAPP-A, PAPP-C and PAPP-D throughout pregnancy and after parturition. PAPP-A concentration reaches a maximum at term and has almost disappeared by the 16th day postpartum . T he concentration of PAPP-C rises until the 35th week of gestation, after which tim e it rem ains essentially u nchanged un til term . After delivery, th e level of PAPP-C decreases rapidly and disappears by approxim ately the 12th day postpar tum. PAPP-D levels reach a maximum during the 33rd w eek and fall rapidly thereafter. By the first day postpartum , PA PP-D is u n d e te c ta b le in m ate rn a l plasm a. Because of a lack of monospecific antiserum , PAPP-B could not be readily quantitated until recently. An unusual alkaline ph o sp h atase is found in the serum o f pregnant wom en. It appears betw een the 15th and 26th week of gestation and disappears by the sixth week postpartum .62, 65 The same enzym e has been extracted from placental tissue, th u s e s ta b lis h in g th e p la c e n ta as its source. 65 Alkaline phosphatase of placental ori gin is a glycoprotein of known amino acid composition and is produced by the pla cental trophoblast. 66 It differs from other alkaline phosphatases in its su b strate specificity, heat stability, inhibition by amino acids and electrophoretic mobility. Since this isoenzym e has not b een found in fetal serum, fetal bone, cord blood nor in serum of non-pregnant w om en,18 vil lous capillaries m ust present a barrier.
H um an chorionic gonadotropin is se creted throughout normal pregnancy. It has b e e n detected as early as six days after p resu m e d co n ception w ith a rad io im munoassay m ethod specific for /3-HCG. Peak levels are found betw een 56 to 68 days after conception. After 18 w eeks, the levels of HCG are relatively low through out pregnancy. 9 T here is an abnorm ality in th e imm u n o e le c tro p h o re tic p a tte rn s o f a¡-lip o p ro te in in th e serum o f p re g n a n t w om en. 63 It consists of a prolongation of the precipitin line corresponding to a xlipoprotein and appears after the 20th week of gestation. The abnorm ality may be related to the inhibition of fetal growth. S erum from p re g n a n t w o m en in th e seventh to 13th w eek of gestation stim u lates growth of H eLa cells in vitro, w hile serum from wom en beyond the 20th w eek of gestation inhibits growth of the cells. This inhibition seems to be associated with the appearance of the atypical ar lipoprotein. It is unclear w hether the pro tein is the cause of the inhibitory activity or m erely associated w ith it.
Placental Function Tests
T h e seru m le v e l o f a lk a lin e p h o s phatase activity increases exponentially as a function o f gestation tim e .18,66 The placental isoenzym e which can be m eas ured indirectly by heat fractionation, has been utilized as an indicator of placental function. 66 It is thought to play an im por ta n t ro le in th e fe to -m a te rn a l im munologic relationship18 and may also be associated with placental maturity.
In the case of placental infarction, the placental isoenzym e w ould be released from the microvilli into the m aternal cir culation. This could be the explanation for th e in cre ase in c o n c e n tra tio n o f th is isoenzym e in patients w ith toxem ia of pregnancy, since placental infarcts are often associated with toxem ia. 66 PAPP-C levels correlate w ell w ith pla cental w eight and tend to fall outside the normal range in abnorm al pregnancies. An interesting point is that PAPP-A is above norm al in th e m ajority of tw in pregnancies. 46 There is a correlation betw een PAPP-D (HPL) concentration and placental w eight in normal pregnancy. 81 Abnormally low PAPP-D co ncentrations after th e 30th w eek of gestation are associated w ith fetal death. If the L/S ratio is indicative of fetal m aturity b ut the PAPP-D level is low, Spellacy71,72 has indicated that induced delivery m ight increase perinatal salvage.
H ypertensive Disorders of Pregnancy
In hypertensive disorders of pregnancy, concentrations of total protein and albu m in c o n tin u e to fall in th e last th ree m onths of gestation, w hereas norm ally the values are stable.49 Album in, transferrin and hem opexin decrease in concentra tion, w hile c^-glycoprotein, a 2-macrog lo b u lin and /3 -lip o p ro te in in c re a se . PAPP-A levels are elevated, while PAPP-C and PA PP-D as w ell as PZ P , are u n altered in pre-eclam psia.76 T here is an elevation of oxytocinase and a decrease in placental alkaline phosphatase.63 W hen patients w ith pre-eclam psia m inus pro te in u ria a n d p re -e c la m p s ia plu s p ro teinuria w ere com pared to norm al preg nant wom en, the following results w ere observed.28 In pre-eclam psia w ithout pro teinuria, album in and transferrin levels were normal w ith decreases of 19 percent in a 2-m acroglobulin and 16 percent in IgG . W hen p r o te in u ria a c c o m p a n ie d pre-eclampsia, there was a m arked fall of 21 percent in album in and an increase of 55 percent in a 2-macroglobulin.
P regnancy-associated a 2-m acroglob u lin (PAM) is th o u g h t to h a v e im m unosuppressive properties. In certain pathological pregnancies including pre e c la m p sia , low le v e ls o f PAM are found. 74 In normal pregnancies, the per centage of im m unologically inactivated serum oxytocinase, a pregnancy-specific cystine am inopeptidase, is maximum at term . In p a tie n ts w ith s e v e re p r e eclampsia, however, the maximum inacti vation occurs several w eeks prior to d e livery. 83 In these patients, a percentage of m a te rn a l o x y to cin a se m ay p o sse ss m olecular determ inants which cross-react with placental anti-oxytocinase.
T h e e le c tro p h o re tic d istrib u tio n of serum proteins in preeclam psia is similar to that occurring in nephrotic syndrom e. 5 In both situations, there is proteinuria, edem a, a decrease in album in and an in crease in a 2-macrogIobulin. 28 In nephrotic syndrom e, the elevation of /3-lipoprotein and a 2-m acroglobulin is th e re s u lt of nonspecific synthesis of proteins after a loss of protein in the urine. T here is a loss o f p roteins o f in te rm e d ia te m olecular w eight, such as album in (MW 69,000), hem opexin (MW 80,000) and transferrin (MW 90,000), and a retention of large pro te in s su ch as a 2-m a c ro g lo b u lin (MW 820,000) an d /3 -lip o p ro tein s (MW 3.2 x 106) which are too large to pass the d e fe c tiv e g lo m eru lar b a sem e n t m em bran e.76 This may also be the case in p re eclampsia.
O ther theories have been proposed to explain the changes observed in hyper tensive disorders of pregnancy. It is pos sible that some m orphological changes in the liver may be associated with the d e pression of the synthesis of certain pro tein s. 76 It is also possible that the changes in protein concentration could be dep en d en t upon horm one changes. T here is some indication of decreased production of estrogens in pre-eclam psia. 32 The sim i larity to the nephrotic syndrom e appears to be th e m ost w idely h e ld theory at this time.
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